Search: PubMed, Cochrane collaboration database, and National Guideline Clearinghouse databases; bibliographies of key articles. Dates searched: January 1980 to September 30, 2014. Inclusion criteria: (1) Randomized controlled trials in peerreviewed journals; (2) patients undergoing spinal fusion for any surgical pathology where unilateral instrumentation was compared with bilateral instrumentation; (3) outcomes included at least one of the following: complications, fusion rate, or patient-reported function. Exclusion criteria: (1) Fusion supplemented with recombinant human bone morphogenetic protein 2; (2) observational studies; (3) follow-up less than 2 years; (4) sample size less than 10 in either treatment arm. Outcomes: (1) Proportion was nonunion; (2) change in patient-reported and clinical outcomes (baseline to followup); (3) complication risk. Analysis: Meta-analysis was performed using RevMan software (Review Manager version 4, The Nordic Cochrane Centre, Copenhagen, Denmark). Mean differences were calculated for continuous variables and risk differences for dichotomous variables, both with associated 95% confidence intervals. The I 2 statistic was used to assess heterogeneity. Details about methods can be found in the online supplementary material.
Overall strength of evidence: The overall strength of evidence across studies was based on precepts outlined by the Grades of Recommendation Assessment, Development and Evaluation (GRADE) Working Group. 5 Study critical appraisals and the reasons for upgrading and downgrading for each outcome can be found in the online supplementary material.
Results
• We identified 10 randomized controlled trials that met the inclusion criteria, which form the basis for this report (►Fig. 1). All were lumbar fusions for degenerative spinal disorders. A list of excluded studies can be found in the online supplementary material. • Five studies compared unilateral with bilateral instrumentation using open transforaminal or posterior lumbar interbody fusion (TLIF/PLIF), [6] [7] [8] [9] [10] one study used open posterolateral fusion, 3 and four used minimally invasive TLIF/PLIF [11] [12] [13] [14] (►Table 1). 
Patient-Reported and Clinical Outcomes
• Low back pain (LBP), 10-point visual analog scale (VAS):
• n ¼ 7 studies.
• In studies where the surgical procedure was an open TLIF/PLIF, the VAS LBP score statistically favored bilateral instrumentation, though the difference was not considered clinically meaningful; mean difference (MD) between changed score was 0.71 (95% CI: 0.06, 1.36; ►Fig. 3). In studies using MIS, there was no statistical difference between unilateral and bilateral instrumentation. • Leg pain, 10-point VAS:
• n ¼ 4 studies.
• No statistical difference between the procedures was found when doing open TLIF/PLIF or MIS (►Fig. 4). • Oswestry Disability Index (ODI):
• n ¼ 5 studies.
• There was no statistical difference in mean ODI scores between unilateral and bilateral screw instrumentation (►Fig. 5). • Japanese Orthopaedic Association (JOA) score:
• n ¼ 3 studies.
• The JOA scores were better in the bilateral screw instrumentation group, with pooled MD of 0.85 (95% CI: 0.08, 1.61; ►Fig. 6).
Complications
• Reoperation:
• n ¼ 2 studies.
• No statistical difference was found between unilateral and bilateral screw instrumentation (►Fig. 7). • Infection:
• n ¼ 6 studies.
• There was no statistical difference in the risk of infection between unilateral and bilateral screw instrumentation (►Fig. 8). • Cage migration:
• No statistical difference was found between unilateral and bilateral screw instrumentation (►Fig. 9). • Screw failure:
• n ¼ 8 studies.
• There was no statistical difference between unilateral and bilateral screw instrumentation (►Fig. 10). • Other complications:
• There was no statistical difference between unilateral and bilateral screw instrumentation (►Fig. 11).
Pooled results in open TLIF/PLIF suggest a slightly lower but nonstatistically significant risk of other complications favoring the unilateral instrumentation. Those other complications include pulmonary embolism (n ¼ 1), deep vein thrombosis (n ¼ 1), dural sac laceration (n ¼ 7), postoperative proximal scoliosis (n ¼ 1), transient motor weakness (n ¼ 2), and cerebral spinal fluid leak (n ¼ 2).
Evidence Summary
There was no difference in nonunion, low back or leg pain, ODI, reoperation, infection, cage migration, screw failure, or other complications comparing unilateral with bilateral screw instrumentation. The overall strength for these findings are considered low or very low (►Table 2).
Clinical Guidelines
None found.
Illustrative Case
A 69-year-old man had chronic back and bilateral leg pain. The patient's pain was refractory to conservative measures over a 2-year period. He had physical therapy, medications, and epidural steroid injections without significant long-term relief of symptoms. The preoperative radiographs showed L4-L5 grade 1 degenerative spondylolisthesis (►Fig. 12A, B). The preoperative magnetic resonance imaging demonstrated L4-L5 low-grade degenerative spondylolisthesis with severe spinal stenosis (►Fig. 12C, D).
The patient had L4-L5 decompression and fusion surgery. His surgical procedure was complicated by the inability to successfully place his left L5 pedicle screw. The left L4 screw 
Discussion
• Strengths:
• Several randomized controlled trials assessing the treatment options allowed for meta-analysis stratified by type of surgery. • Limitations:
• Important outcomes were included inconsistently among studies resulting in small sample sizes for some outcomes. The outcomes that occurred infrequently resulted in low power to detect statistical differences (see the online supplementary material). • A serious risk of bias was present in all included studies.
The indication of concealed allocation was not reported in any trial; blinding of evaluators occurred rarely; and 6 of 10 studies did not compare patients at baseline to ensure similar distribution of prognostic factors. • This systematic review highlights the paucity of decent literature involving the efficacy of unilateral instrumentation in lumbar spinal surgery. A total of 10 studies met the inclusion criteria for this report. All the studies involved degenerative pathology in the lumbar spine. The vast majority of procedures were single-level fusions for degenerative disk disorder or degenerative spondylolisthesis. • Examination of the existing literature does not reveal significant differences in the patient outcomes between unilateral and bilateral fixation when performed for lumbar spinal pathology. A serious risk of bias exists in all the included studies resulting in an overall strength for these findings as either low or very low. • The reported fusion rates with either unilateral or bilateral fixation are high, without a significant difference. The rates of instrumentation failure and nonunion were similarly low. • The reported functional outcomes including ODI, VAS, and leg pain scores were not different between unilateral and bilateral fixation cases. • The existing literature does not demonstrate outcome differences for MIS patients having either unilateral or bilateral lumbar fixation. • The complication rates remain low with both unilateral and bilateral fixation for lumbar degenerative pathology. • The theoretical advantages of unilateral fixation are many and include shorter operative times and reduced blood loss. The operative costs for implants are also reduced. From a technical standpoint, unilateral fixation cases do involve the utilization of less surgical resources. The degree of diminished segmental stability achieved with unilateral fixation did not appear to lead to worse outcomes or higher complication rates for single-level degenerative cases. • We have demonstrated that there appears to be equivalency between unilateral and bilateral fixation when performed in adult patients who do not have significantly unstable lumbar conditions. It is important to emphasize that successful clinical and radiographic outcomes for unilateral fixation in patients with highly unstable lumbar conditions have not been described in this review. It is our opinion that additional prospective comparative studies are needed to better define the role of unilateral instrumentation in the treatment of lumbar spinal disorders.
Conclusions
The existing literature does not identify significant differences in clinical outcomes, union rates, and complications when unilateral instrumentation is used for degenerative pathologic conditions in the lumbar spine. The majority of published reports involve single-level lumbar unilateral instrumentation.
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